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FOREWORD 


This  is  an  interim  report  on  the  study  of  underwater  noise  reduction 
techniques  being  conducted  by  the  Sperry  Division  for  the  Office  of  Naval  Research, 
Acoustic  Programs,  under  Contract  No.  N00014-67-C--0303.  Included  in  this  report 
is  a  description  of  the  work  being  done  on  spring-mass  type  acoustic  baffles.  Specifi¬ 
cally,  the  effects  of  rigid  and  compliant  outer  plates  are  analyzed,  theoretical  results 
are  compared  with  experimental  data,  and  good  agreement  is  obtained.  It  is  concluded 
that  significant  gains  can  be  achieved  at  the  lower  frequencies  through  the  use  of  com¬ 
pliant  outer  plates  in  the  baffle  design. 
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SECTION  1 


INTRODUCTION 


Baffles  are  structures  that  shield  acoustic  sensors  from  ui  wanted  noise 
sources  and  provide  means  for  modifying  the  response  characteristics  of  hydrophones. 
Thus,  the  acoustic  baffle  is  a  primary  tool  for  underwater  noise  reduction  and  direc¬ 
tivity  pattern  control  in  sonar  arrays. 

The  transmission  of  acoustic  energy  in  water  can  be  impeded  by  a  compliant 
baffle.  To  be  effective,  such  a  baffle  must  be  sufficiently  stiff  to  withstand  hydrostatic 
pressures,  yet  it  should  be  dynamically  soft  to  perform  as  a  highly  reflective  structure. 

A  reflective  characteristic  is  acceptable  for  the  side  of  the  baffle  facing  the  interfering 
noise  source,  but  the  portion  facing  the  hydrophone  presents  a  major  design  challange. 
Unless  this  side  is  r.onreflective,  the  interaction  between  the  incident  signal  and  the 
reflected  signal  from  the  baffle  can  alter  the  hydrophone  array's  response,  often  seriously 
degrading  it. 

In  previous  phases  of  this  program,  Sperry  has  developed  a  set  of  analytical 
models  for  predicting  the  reflectivity,  transmittivity,  and  other  acoustic  parameters  of 
planar  multilayered  baffle  structures.  Computer  programs  based  on  the  analytical 
models  have  been  utilized  for  determining  baffled  hydrophone  response.  The  results  of 
this  program  have  shown  high  correlation  with  empirical  data  (References  1  and  2). 

More  recent  work  has  been  concerned  with  multilayer  cylindrical  baffles. 
Analytical  expressions  have  been  developed  for  the  calculation  of  sound  pressure  level 
at  any  point  exterior  to  the  baffle,  and  a  computer  program  to  solve  these  equations  was 
written.  The  calculated  results  show  good  agreement  with  experimental  data  (Reference  3). 

Additional  analysis  has  been  done  on  baffle  structures  consisting  of  steel  plates 
separated  by  pins.  These  structures  are  non -homogeneous  and  thus  cannot  be  analyzed 
by  the  methods  previously  used.  Lumped-parameter  models,  designed  to  simulate  the 
behaviour  of  spring-mass  baffles,  have  been  developed.  Performance  calculations  have 
been  made  which  give  good  agreement  with  measured  values  (Reference  3). 

Spring-mass  baffles,  by  proper  choice  of  spring  and  plate  constants,  offer  the 
advantage  of  operating  under  higher  hydrostatic  pressures  than  other  types  of  acoustic 
baffles. 


SECTION  2 


SPRING-MASS  BAFFLES 


A.  RIGID  OUTER  PLATES 

A  typical  spring-mass  baffle  configuration  consisting  of  four  plates  is  shown 
in  figure  2-1.  The  outer  plates  are  of  moderate  thickness  and  remain  effectively  rigid 
under  pressure.  These  plates  transmit  the  pressure,  via. pins,  to  the  relatively  thin 
inner  plates  that  deform  sufficiently  to  create  the  desired  baffle  compliance.  The  baffle 
structure  is  placed  behind  a  heavy  steel  plate  that  supports  the  hydrophones  and  provides 
means  for  modifying  their  response  characteristics. 

The  schematic  representation  shown  in  figure  2-2  illustrates  how  the  analytical 
model  of  the  baffle  was  developed. 

The  analysis  was  based  on  the  premise  that  each  of  the  non-deflecting  outer 
plates  is  rigidly  coupled  to  half  of  an  inner  plate  which  can  deform.  This  mass  is  then 
linked  by  a  spring  to  the  other  half  of  the  inner  plate :  the  two  inner  plate  halves  are 
rigidly  linked  together.  Mass  Mj  represents  the  mass  of  plate  No.  1  plus  half  of  plate 
No.  2.  Mass  m  equals  the  sum  of  the  halves  of  plates  No.  2  and  No.  3,  while  Mass  M2 
represents  the  remaining  half  of  plate  No.  3  plus  plate  No.  4. 

Based  on  the  above  model,  an  equivalent  circuit  of  the  spring-mass  baffle  has 
been  developed  and  is  shown  in  figure  2-3.  L  represents  the  associated  viscous  resistance 
of  the  springs,  which  is  due  mainly  to  the  rubber  pads  associated  with  the  separating  pins. 
The  characteristic  inpedance  of  the  water,  Z,  is  numerically  equal  to  5.84  in  an  inch- 
pound-second  system.  Because  of  the  symmetrical  construction  of  the  baffle,  Mj  =  M2  - 
M  and  Kj  =  Kg  =  K. 

An  examination  of  this  circuit  show's  that  at  the  low'er  frequencies,  the  effect  of 
the  outer  plate  mass  is  not  significant  because  the  term  -jWM  is  much  less  than  the  value 
of  Z.  hi  this  frequency  region,  the  insertion  loss  is  dominated  by  the  spring  term  jK  W 
and  thus  rises  at  6  dB  per  octave.  As  the  frequency  increases,  the  dissipative  term.  L. 
dominates  and  the  insertion  loss  flattens.  At  still  higher  frequencies,  the  mass  terms 
become  significant  and  the  insertion  loss  again  begins  to  rise. 


2-1 


B.  COMPLIANT  OUTER  PLATES 


The  performance  of  the  spring-mass  Baffle  has  been  extended  to  lower  fre¬ 
quencies,  Conceptually,  this  calls  tor  greater  compliance  in  the  interior  plate- springs 
of  the  baffle,  which  might  be  obtained  by  adding  further  layers  of  these  plate-springs. 
However,  as  was  noted  previously,  additional  compliance  can  be  obtained,  without 
increasing  the  baffle  thickness,  by  making  the  outer  plates  thinner  and  thus  less  rigid, 

An  improved  model  for  calculating  baffle  performance  has  been  developed 
that  realistically  allows  for  the  deiormation  of  the  outer  plates.  The  model  described 
in  Section  2A  assumes  that  the  outer  plates  do  not  deform.  The  modified  model 
approximates  the  deformation  ot  the  outer  plates  by  dividing  them  into  three  regions  and 
allowing  each  region  to  be  displaced  by  a  spring-like  action  from  the  adjacent  region. 
(See  figure  2-4.)  One  region  encompasses  the  area  of  the  outer  plate  which  is  linked  by 
pins  to  the  inner  plate  deformed  in  one  direction.  The  second  region,  of  equal  area  to 
the  first,  covers  the  area  linked  by  pins  to  the  inner  plate  deformed  in  the  opposite 
direction.  The  various  regions  are  linked  lay  springs.  Section  3  presents  the  detailed 
analysis  of  the  compliant  outer  plate  baffle  model. 
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Figure  2-2.  Analytical  Model  of 
Spring-Mass  Baflle  with  Rigid  Outer  Plates 
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SECTION  3 


ANALYSIS  OF  COMPLIANT  SPRING-MASS  BAFFLE 


The  area  of  each  baffle  plate  is  divided  into  three  regions  as  shown  in  figure 
3-1.  The  interiors  of  the  squares  marked  A  constitute  region  A,  the  interiors  of  the 
squares  marked  C  constitute  region  C,  and  the  area  exterior  to  the  squares  constitutes 
region  B.  The  centers  of  the  A  squares  lie  over  the  pins  supporting  the  plate  from  below; 
if  the  plate  supports  another  set  of  pins,  these  stand  on  the  C  squares.  The  squares  are 
of  such  a  size  that  region  A  and  region  C  each  constitute  25  percent  of  the  plate  area. 
Each  region  has  its  own  amplitude  and  phase  of  vibration  normal  to  the  plane  of  the  plate. 
The  complex  velocities  of  these  vibrations  will  be  denoted  by  VA,  VB,  and  VC,  re¬ 
spectively. 


To  study  the  interaction  between  the  vibrating  plate  and  sound  waves  in  the 
adjacent  water,  the  velocity  at  the  plate  surface  will  be  expanded  in  the  form 

E  £  Vmn  eiq  (mx  +  ny) 

where  q  =  tt /(21  ^d)  and  d  is  the  side  of  the  squares  as  shown  in  figure  3-1.  The  first 
step  is  to  expand  the  characteristic  functions  of  regions  A  and  C.  (The  characteristic 
function  of  a  region  equals  1  inside  the  region  and  0  outside.) 

Let  the  origin  be  at  the  center  of  an  A  square.  A  single  period  of  the  pattern 
in  figure  3-1,  showing  only  the  A  squares,  has  the  appearance  of  figure  3-2.  It  can  be 
shown  that  the  characteristic  function  of  region  A  is 

CFA  =  (1/4)  EESmSncMraxtny) 

where  terms  having  m  +  n  odd  are  omitted  and 

ca  _  sin  aqd/2 
ba_  aqd  '1  • 

When  only  the  C  squares  are  shown,  a  single  period  of  the  pattern  in  figure 
3-1  has  the  appearance  of  that  shown  in  figure  3-3.  The  characteristic  function  CFC  of 
region  C  has  the  same  expansion  as  CFA,  except  that  odd  subscript  terms  are  changed 
in  sign. 
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The  velocity  at  the  baffle  face  may  be  expressed  as 
VB  +  (VA  -  VB)  CFA  +  (VC  -  VB)  CFC 


so  that 


Voo  =  .25  (VA  +  2VB  +  VC), 
while  for  even  m  and  n  not  both  zero 

Vmn  =  .25  (VA  -2VB  +  VC)  Sm  Sn 
and  for  odd  m  and  n 


Vmn  =  .  25  (VA  -  VC)  Sm  Sn 
When  m  +  n  is  odd,  Vmn  vanishes. 

In  the  water  next  to  the  baffle  face,  the  velocity  may  be  expressed  as  a  series 
V  =  ££  Zmn  eiq  (mx  +  "?> 

where  the  coefficients  Zmn  are  functions  of  z  and  must  satisfy  the  wave  equation 
Z"/Z  =  q2  (m2  +  n2)  -  k2 
where  k  is  the  wave  number. 


Two  kinds  of  boundary 
faces  a  heavy  steel  plate  across 
water  is  unlimited. 


condition  will  be  considered:  in  the  first,  the  baffle 
a  narrow  water  gap;  in  the  second,  the  extent  of  the 


plate, 


Let  the  width  of  the  water  gap  be  H  and  take  z  = 
with  the  positive  z-axis  pointing  toward  the  baffle. 


o  at  the  face  of  the  heavy  steel 
Let  Zmn  have  the  form 


Amn  sin  (Wmnz)  +  Burn  cos  (Wmnz) 

nom-'n egati ve . =  k  ’  Q  (m  +  'l  B°th  the  real  and  ln»Rinary  parts  of  Wmn  are  assumed 


Assume  that  the  veloci 
of  x  and  y.  Except  for  m  =  n  =  o 
surface  give 


ty  VP  at  the  face  of  the  heavy  steel  plate 
,  Bnin  must  vanish.  Matching  velocities 


is 

at 


independent 
the  baffle 


Amn  =  Vmn  esc  (WmnH). 

The  remaining  coefficients  arc  given  by 
Boo  =  VP 

Aoo  *  Voo  esc  (kH)  -  VP  ctn  (kll). 
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For  the  second  kind  of  boundary  condition,  let  z  =  o  at  the  .  affle  face  with  the 
positive  z-axis  pointing  away  from  the  baffle.  Express  Zmn  in  the  form 


Cmn  e 


iWmn  z 


+  Dmn  e 


-iWmn  z 


For  positive  imaginary  Wmn,  the  requirement  of  boundedness  forces  Dmn  to 
vanish.  For  positive  real  Wmn,  the  requirement  that  any  incident  wave  be  planar  again 
forces  Dmn  to  vanish  unless  m  =  n  =  o;  even  then,  Doo  vanishes  unless  there  is  an  in¬ 
cident  wave.  Thus  Dmn  vanishes  and 


Cmn  =  Vmn 


except  that,  if  there  is  an  incident  wave  of  (particle)  velicity  VI, 

Doo  =  VI 
Coo  =  Voo  -  VI 

Table  3-1  summarizes  the  forms  taken  by  Zmn  for  various  boundary  conditions. 
Also  shown  are  the  coefficients  in  the  expansion 

P  =  ££  Pmn  e1"  (mx  +  "*> 

where  P  is  the  pressure  in  the  water.  The  pressure  can  be  obtained  from  the  velocity 
using  the  basic  relation 


dP/dz  =  iwpV 


The  average  pressure  on  an  A  square  can  be  calculated  by  integrating  P  in  the 
x,  y,  plane.  The  result  is 

PA  =£  X>mn  Sm  Sn, 

with  Pmn  evaluated  at  the  baffle  face.  The  expression  for  PC,  the  average  pressure  on 
a  C  square,  is  the  same  except  that  odd  subscript  terms  are  changed  in  sign.  The 
average  pressure  PB  on  region  B  is  given  by  the  relation 

Poo  =  .25  (PA  +  2  PB  +  PC). 


The  pressures  PA,  PB,  PC  may  be  expressed  in  terms  of  the  velocities  VA. 
VB,  VC  by  replacing  the  coefficients  Pmn  in  the  pressure  expansions  by  their  values 
taken  from  table  3-1  and  then  replacing  the  Vmn  by  their  expressions  in  terms  of  the 
velocities. 


The  result  in  the  case  of  the  narrow  water  gap  is 


where 


i 

t 

c  j 

i 


PA  =  PH  +  H2  (VA  -  2VB  +  VC)  +  HI  (VA  -  VC) 
PB  =  PH  -  H2  (VA  -  2VB  +  VC) 

PC  =  PH  +  H2  (VA  -  2VB  +  VC)  -  HI  (VA  -  VC) 


PH  -  icpVP  esc  (kH)  -  icp  V-A-t  2VB  ±  VC  ctn 

and  HI,  H2  are  defined  as  subsums  of  the  series 

-i(»p  .25  Y  Y  (Sm2  Sn^/Wmn)  ctn  (WmnH). 

H2  is  the  sum  of  all  terms  having  m  and  n  even  but  not  both  zero,  and  HI  is  the  sum  of 
all  terms  having  m  and  n  odd. 


When  the  water  is  of  unlimited  extent,  the  result  is 

PA  =  PF  +  F2  (VA  -  2VB  +  VC)  +  FI  (VA  -  VC)  . 

PB  =  PF  -  F2  (VA  -  2VB  +  VC) 

PC  -  PF  +  P2  (VA  -  2VB  +  VC)  -  FI  (VA  -  VC) 

where 

PF  .  cp  YA.±2yB  +  VC  .  2cp  VI 
and  FI,  F2  are  subsums  of  the  series 

wp  •  25  YY  Sm2  Sn2/Wmn. 

F2  is  the  sum  over  terms  having  m  and  n  even  but  not  both  zero,  and  FI  is  the  sum 
over  terms  having  m  and  n  odd. 

Equations  of  Motion 

The  baffle  model  to  be  analyzed  is  shown  in  figure  3-4.  The  mounting  plate 
is  optional.  Odd-numbered  masses  represent  either  single  A  and  C  squares  of  plate 
or  two  such  squares  on  adjacent  plates,  pinned  together.  Even-numbered  masses, 
except  M10,  represent  plate  regions  B. 

For  use  in  the  equations  of  motion,  quantities  Mn  will  represent  mass  area 
ratios,  the  masses  all  being  divided  by  the  area  of  a  single  A  or  C  square. 

The  springs  shown  in  figure  3-4  will  be  characterized  by  force  per  volume 
ratios  Kmn  equal  to  the  force  per  unit  distance,  required  to  displace  mass  Mn  relative 
to  mass  Mn,  divided  by  the  area  d^. 


The  equations  of  motion  for  the  10  masses  of  fi^re  3-4  are  given  in 1  ta^le 
9  If  the  mounting  plate  is  not  used,  the  last  equation  should  be  omitted.  The  pressure 
terms  may  be  eliminated  using  the  pressure/velocity  relationships  deve  ope  a  ove. 

At  the  right  end  of  the  assembly,  the  boundary  condition  of  unlimited  water 
applies  so  that 


PI  =  PF  +  F2  (VI  -  2V2  +  V3)  +  FI  (VI  -  V3) 
P2  =  PF  -  P2  (VI  -  2V2  +  V3) 

P3  =  PF  +  F2  (VI  -  2V2  +  V3)  -  FI  (VI  -  V3) 


where 


PF  =  cP 


VI  +  2V2  +  V3 

l 


+  2PI 


and  PI  =  -cp  VI  is  the  pressure  of  the  incident  wave  from  the  right. 


When  the  mounting  plate  ts ;  not  used  yz.  and  V3  replaced 

&V!v7b,y  -Ts.Td  -VS  respe’ctwely,  and  PI  repUced  by  the  pressure  PJ  of  the  incident 
wave  from  the  left. 


With  the  mounting  plate  in  place,  the  boundary  condition  of  the  narrow  water 
gap  applies  at  the  left  end  of  the  assembly,  and 

P7  =  PH  +  H2  (V7  -  2V8  +  V9)  +  HI  (V7  -  V9) 

P8  =  PH  -  H2  (V7  -  2V8  +  V9) 

P9  =  PH  +  H2  (V7  -  2V8  +  V9)  -  HI  (V7  -  V9) 


where 


PH  =  icp  V10  esc  (kH)  -  ic 


V7  ±  2V8 
4 


ctn  (kH). 


In  the  last  equation  of  table  3-2,  P10  is  the  value  of  Poo  at  the  face  of  th. 
mounting  plate: 

V7  +  2V8  +  V9_  M'Hl 
P10  =  icp  V10  ctn  (kH)  -  icp  4  CS(  (kM)- 

The  pressure  PO  is  related  to  the  incident-wave  pressure  PJ  and  the  reflected- 
wave  pressure  PR  by  the  equations 


PO  =  PJ  +  PR 

cp  V10  =  PJ  -  PR 
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which  show  PO  *  2PJ  -  cp  V10.  This  is  the  quantity  to  be  measured  when  the  mounting 
plate  is  in  place.  With  the  mounting  plate  removed,  the  desired  quantity  is  the  value  of 
Poo  at  the  baffle  face.  To  summarize,  the  quantifies  to  be  measured  are: 


2PJ  -  cP  V10 

V7  +  2V8  +  V9 
2PJ  -  cp  - ^ - 


(mounted) 

(isolated). 
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TABLE  3-1 

FORMS  OF  Zmn  AND  Pmn 

2  ,  2  2,2  2, 

Wmn  =  k  -  q  (m  +  n  ) 

NARROW  WATER  GAP 

Zmn  =  Vnm  sin  (Wmnz)/sin  (WninH) 

Pmn  =  -iwp  (Vmn/Wmn)  cos  (Wmnz)/sin  (WmnH) 

Zoo  =  (Voo  esc  (kH)  -  VP  ctn  (kH))  sin  (kz)  +  VP  cos  (kz) 

Poo  =  icpVP  sin  (kz)  -  icp(Voo  esc  (kH)  -  VP  ctn  (kH))  cos  (kz) 

UNLIMITED  WATER 

Zmn  =  Vmn  exp  (iWmnz) 

Pmn  -<o p  (Vmn/Wmn)  exp  (iWmnz) 

Zoo  =  (Voo  -  VI)  exp  (ikz)  +  VI  exp  (-ikz) 

Poo  =  cp(Voo  -  VI)  exp  (ikz)  -  cpVI  exp  (-ikz) 

(if  no  incident  wave,  set  VI  =  0) 

TABLE  3-2 

BASIC  EQUATIONS  OF  MOTION 

-iwMIVI  =  iK12, oj  (V2  -  VI)  -  PI 
-iwM2V2  =  iK23  <u  (V3  -  V2)  +  i K1 2  u»  (VI  -  V2)  -  2P2 
-io-M3V3  =  iK34  <„  (V4  -  V3)  +  iK23  <■>  (V2  -  V3)  -  P3 
-iwM4V4  =  iK45,w(V5  -  V4)  +  iK34  u.  (V3  -  V4) 

~iwM5V5  =  iK56  w(V6  -  V5)  +  iK45  o-  (V4  -  V5) 

-icuM6V6  =  iK67  oj  (V7  -  V6)  +  iK56  w  (V5  -  \  6) 

-io>M7V7  =  iK78/w  (V8  -  V7)  +  iK67/w  (V6  -  \T7)  +  P7 
-io>M8V8  =  iK89/u  (V9  -  V8)  +  iK78  u>  (V7  -  V8)  +  2P8 
-iwM9V9  =  iK89/oi  (V8  -  V9)  +  P9 
-i  <»M10V10  =  4  (PO-PIO) 
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SECTION  4 


RESULTS 


_  j  ,  ,The  *quations  derived  in  this  report  were  developed  into  a  computer  program 

SSe  7  tZ  ZTn,  !n!  CXaminetd-  A  COlll')iete  »»«"«  ‘he  program  is  gilen  in 
table  4-1.  The  results  of  the  computer  runs  are  illustrated  in  figures  4-1  and  4-2. 

..  1 1  ^  efpla”ation  of  the  symbols  used  in  the  figures  is  as  follows:  in  all  cases 

du*i  gUreKSKPeriain, *?  a  configuration  consisting  of  a  spring-mass  baffle  mounted  a  short 

a  y\/2;Th  thiCk  Steel  plate-  The  plotted  P^nts  show  the  pressure  a! 
he  front  of  this  steel  plate  as  a  function  of  frequency  for  the  two  cases  of  a  sound  wave 

incident  at  the  front  and  the  back  of  the  plate-baffle  combination.  With  sound  incident 

IhT  tn6  f?nV  w  resulting  curve  shows  the  receiving  response  of  a  hydrophone  mount- 
ed  on  the  steel  plate.  With  the  sound  incident  from  the  back,  the  resulting  curve  shows 

%  "rZ*  ,h0  hvdrophone  from  noise  originating  behind 

the  baffle.  The  latter  curve  is  related  to  insertion  loss  but  is  a  more  practical  evalu- 

phone°f  baf0e  performance  since  ii  includes  the  mounting  arrangement  for  the  hydro- 


v  «i  InrJuKUj6  GAP  refers  to  the  distance  (in  inches)  between  the  steel  plate  and 
the  baffle.  The  designations  AM,  AK  and  AL  pertain  to  the  mass,  spring  cSnt  and 

asshown  iiPSree2P3eClThI.y'  1  ."“"'f868  and  sl,lin<«  »Mch  comprise  the  baffle  mode 
i  £  i  t  2'3'  T  relatively  large  mass  value(.  001 104)  is  that  of  the  1-1  2- 

nch  ..teel  hydrophone  mounting  plate.  The  third  spring,  whose  value  is  given  as  0  in  the 
figures,  does  not  appear  In  figure  2-3.  This  spring  was  placed  in  the  moM  o  account 
for  any  compliance  between  the  steel  plate  and  the  baffle  contributed  by  the  mounting 
,  “  r  -  *  WaS  “o!  ")  l>rac,lcc'  however.  Ilia!  mounting  arrangements  produce 
rilao  i  ll  P ha!ICe'  The  fr0(luency  scale  is  logarithmic  to  allow  a  wide  frequency 
range  to  be  covered  on  one  plot.  The  reference  for  0  dD  is  the  incident  sound  wave. 

In  figure  4-2  (4  sheets),  the  label  PIN  SPACE  refers  to  the  spacing  (in  inches) 
between  the  pins  which  separate  the  various  plates  in  the  baffle.  WATER  GAP  (in  inches) 

m!nllT?anCeibL(!  Ween  thG  Steel  Plate  and  the  baff,e-  The  MASSES.  SPRINGS  and 
SrT/??  are  rfhanical  parametcrs  of  ,h0  baffle.  The  10  mass  values  are  those 
masses  that  c°mprisc  the  baffle  model  as  shown  in  figure  3-4.  Similarly  the 
eight  values  for  spring  constants  and  damping  are  for  the  eight  springs  in  the  model 
The  legend  for  the  plotted  points  is  given  at  the  bottom  of  the  page.  Since  there  are’two 
frequency  scales,  four  curves  are  needed  to  display  the  data.  As  in  the  other  figures 
0  dB  is  referenced  to  the  level  of  the  incident  wave.  M 
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Figure  4-1  shows  the  performance  of  a  baffle  in  which  the  outer  plates  are 
assumed  noncompliant.  The  mass  values  correspond  to  1/8-inch  plastic  outer  plates 
and  1/16-inch  plastic  inner  plates.  The  spring  values  correspond  to  operation  at  low 
hydrostatic  pressures.  Note  that  the  crossover  point,  at  which  the  pressures  correspon¬ 
ding  to  front  and  back  incidence  become  equal,  lies  at  45  Hz. 

Figure  4-2  (sheet  1  of  4)  shows  the  same  configuration,  this  time  analyzed, 
using  the  new  program  written  for  compliant  outer  plates,  but  constrained  so  as  to 
simulate  the  original  program .  Only  two  of  the  eight  springs  are  assumed  appreciably 
compliant.  As  might  be  expected,  the  results  are  effectively  the  same  as  in  figure  4-1. 

Figure  4-2  (sheet  2  of  4)  shows  the  results  when  two  additional  springs  are 
allowed  to  be  appreciably  compliant,  and  agrees  with  figure  4-1  Because  of  differences 
in  model  structure  and  normalization,  the  spring  and  damping  parameters  are  generally 
eight  times  as  large  in  the  figures  generated  by  the  compliant  outer  plate  program  than 
in  those  generated  by  the  rigid  plate  program,  but  the  identical  physical  situation  of  1  8- 
inch  plastic  outer  plates  and  1/16-inch  inner  plates  is  represented. 

Figure  4-2  (sheet  3  of  4)  show's  the  situation  when  all  springs  are  assumed 
appreciably  compliant.  This  is  the  case  of  compliant  outer  plates.  Since  the  stiffness 
varies  as  the  cube  of  the  thickness,  the  outer  plates  are  eight  times  as  stiff  as  the  inner 
plates.  The  insertion  loss  is  improved  perhaps  by  1  dB  at  lower  frequencies  and  4  dB 
at  higher  frequencies.  Note  the  dip  near  2000  Hz  caused  by  the  compliance  of  the  outer 
plate. 


Figure  4-2  (sheet  4  of  4)  shows  the  results  for  the  case  where  the  compliance 
of  the  outer  plates  is  increased  to  match  that  of  the  inner  plates.  Further  improvements 
are  evident  in  the  insertion  loss,  and  the  dip  due  to  outer-plate  compliance  has  moved 
down  to  700  Hz.  From  this  data  it  can  be  concluded  that  small  but  dt finite  gains  in 
performance  can  be  made  using  compliant  outer  plates  in  the  baffle. 

Figures  4-3  through  4-5  compare  theoretical  data  calculated  by  the  compliant 
outer  plate  computer  program  with  experimental  data  obtained  from  tests  of  a  spring- 
mass  baffle  and  associated  hydrophone  array.  The  array  tested  consisted  of  a  6  by  6 
foot,  1-1/2-inch  thick  steel  plate  in  which  the  hydrophones  were  mounted:  a  1-1  2-inch 
thick  rubber  sheet  was  bonded  to  the  front  of  the  plate,  and  the  spring-mass  baffles  were 
placed  behind  the  hydrophone  mounting  plate. 

The  figures  show  the  receiving  response  of  the  hydrophone  mounted  in  the 
center  of  the  steel  plate  at  water  depths  of  100.  400  and  700  feet.  The  parameters  that 
describe  the  baffle  in  the  computer  program  were  varied  to  take  into  account  the  effect 
of  depth  on  the  baffle.  Agreement  at  the  lower  frequencies  is  very  good.  At  the  higher 
frequencies,  the  experimental  data  exhibit  ripples  which  are  probably  due  to  the  finite 
size  of  the  array.  Especially  noteworthy  is  the  correct  prediction  by  the  theory  of  a 
dip  in  the  response  in  the  vicinity  of  4.  5  kHz. 


4-2 


TABLE  4-1 
PROGRAM  LISTING 


OIOOO 
01010 
01020* 
01030* 
01040 
01050 
01060 
01070 
01080* 
01090 
01100 
oino 
01120* 
01130 
01140 
01 1  50 
01  1  60 
01170  I 
01130 
01190  1 
01200 
01210 
01220* 
01230  1 
01240 
01250 
01260 
01270* 
01280 
01290 
01300 
01310 
01320 
01330 
01340  1 
01350* 
01360  1 
01370 
01380* 
01390  1 
01  400 
01410  1 
01420 
01 430* 
01  440 
01450 
01  460 
01  470 
01480 
01  490 
01500 
01510 
01520 
01530 
01540 


PROGRAM  SAFI 1 1  ( INPUT*  OUTPUT*  TAPE1 *  TAPE 6) 

DIMENSION  08(64*2*2)*  DBO ( 2  > *  FDATA ( 3*10)*  FHEADC  7* 1 0  > 
»GLA9(2  )  *  IFMT<2>*  ISCALEO)*  1SYMC 10  )  * L INE(72) « LI NREFC 72) 

*LEG<2*2*2)*MLAS(2)*NF(2)*MAR«(2,2,2)*VAt<l0*3)*XAC3*3*3> 

COMPLEX  A(10* 12)»HF(3*2)*Z 

COMMON  /PARAM/WN*GE0M<2)  /SS/SSC50) 

DATA  PI *CC*RC/3. 141 59265358979* 60 630. *5. 84/ 


DATA  FDATA/1  .84510*. 0166667*2. 84510*  2-84510* .01  66667*3.04510* 
24*0 ./ 

DATA  ISCALE/3»0*0/ 

DATA  ISYM/8HI 1 335577*9*0/ 

DATA  XA/1 . *0  .  * -1 •»  0 . *  0  .  *  0  .  *  — 1«*0.*I.*  1.*— 2.*!.*  • p  * 

1  •  » -2 • *  1 • *  1  • , 2 • *  1 . *  2. .4. ,2.,  1 • * 2  •  *  1  •  / 

Tl *  • 5*PI *SQRT< • 5 )  $  SS< 1  ) »  l. 

DO  90  N»1 *  49 

90SSCN+1 )s  (SIN(N*T1 >/(N*Tl  > >**2 
REWIND  1  $  REWIND  6  S  NPLOT*  0 

I  00READ< 1  *  500 )  CLINE(L)* L*1  *  8 )  $  IFCE0F*1>  260*  1  10 

500F0RMATC  8A 1 0 ) 

1 1ODEC0DEC 10* 510*LINE)  I*J  $  1FCI.EQ.1H*)  GOTO  100 
51OF0RMATC3XA1 ,11 ) 

GOTO ( 1 20* 1 20  *  1 20* 1 40*  1  50  *260 )  J 
READ  MASSES*  SPRINGS*  DAMPING 
2OENC0DEC 20  *  520  *  I FMT )  1SCALECJ) 

520 FORMA TC 1 H( *  12* I 7HP* 5X31 1 *8( 12*  F6) > ) 

DEC0DE<8O*IFMT*LINE)  K* L*M* (N* VALC  N*  J  )  *NN« 1 »K ) 

IFCL.EQ.O)  GOTO  160 
SYMMETRY  FEATURE  IS  OPTIONAL 
ENC0DEC1O*53O*IFMT)  1SYM(L) 

53OF0RMATC  A  1 0 ) 

DECODE ( 10,540* I  KMT)  ( LI NE ( N ) * N= 1  *  1 0 ) 

54OF0RMATC 101 1 ) 

KK  =  9-J/2 

DO  130  N=1*KK  $  NN=  LINECN) 

30VAL(N*J)=  VALCNN,J)  S  GOTO  160 
READ  GEOMETRIC  DATA 

4ODEC0DEC8O*55O*LINE)  K*L*M* (N*GEOM(N) *NN«1 *K)  $  GOTO  160 

55OF0RMATC  5X31 1 »2<I2*F6) > 

READ  MODE/PLOT  DATA 

50 DECODEC  8i)  *  560  *  LI  NE  >  NUMF*  MODE,  LOGL  IN*  (  NFCN )  *  DAQ  C  N)  *  N=1  *  NUMF  ) 
560 FORMA TC  5X3I1*2(I2*F6>)  U 

60IFC  I  .NE.  HE)  GOTO  100 
NPLOT*  NPLOT+I 
FREQUENCY  LOOP 

D0  200  NN*  1  *  NUMF  S  K=  NFCNN) 

FI*  FDATA  C 1  *  K )  S  F2*  FDATA ( 2*  K ) 

NUM1*  1  . 5  +  CFDATAC 3*K) -FI  ) /F2 
DO  200  1*1*  NUMI 
Tl  =  FI  +  ( I  -|  )  *F2 

W=  2  «*PI*1 0 • **T1  *C2-L0GLI N) +2000  « *P 1 *T1 *CLOGLI  N- 1 ) 

WN=  W/CC  S  WR=  WN*RC 
CALL  KWIKOChF) 

HFC 1 » 1 ) *  MFC  1  * ] )*CMPLXCO  .*WR> 

HF  C  2  *  I  ) *  HFC2* 1  > *CMPLX C 0 . * WR  ) 

HFC3*1  >=  CMPLXCO . * .25*RC/TAN( WN*GE0M(2) ) ) 


C  LI NE  C  N) *  N= 1  *  10) 


G0TO  1 60 
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TABLE  4-1  (Cont'd) 
PROGRAM  LISTING 


01550  HF ( 1  #  2  >  ■  HF< 1#2>*CMPLX(WR#Q*) 

01560  HF( 2»2 ) •  HF<2»2 >*CMPLX< WR#0  .  > 

01570  HFC3#2>*  CMPLXt .25*RC#0 • ) 

01580*  ENTER  MATRIX  VALUES 

01590  00  170  Ja| * | 0  S  00  170  K*l#12 

01600  I 70A<  J»K>*  <0.#0.) 

01610  D0  180  J3 1 #  1 0  S  IF(J»GT«8)  G0T0  180 

01620  Z»  CMPLXtVALC J#3>#VAL<J#2>/W> 

01630  A(J#J>*  4CJ# J>+Z  $  A<J#J+1>*  -Z 

01640  A(J+l#J+l ) *  A(J+1#J+1)+Z  $  A( J+l # J) *  -Z 

01650  1  80A ( J * J ) *  A( J#J>+CMPLX<0.# -W*VAL( J#1 )) 

01660  Z*  CMPLX(O.»-RC/S1N<WN*GE0M<2>)> 

01  670  D0  190  J*1  #  3 

01680  A(J«12)>  -XA<J#2#3>  $  A(J+6#11>*  (MODE-1  )*XA(J#2#3> 

01690  A ( J+6# 1 0 ) 3  Z*XA(J#1»3)  S  A(lO#J+6>*  Z*XA(J»1#3> 

01700  D0  190  K>l<3  S  D0  190  L"l#3 

01710  A(J#K)*  A< J#K)+XA( J# K» L > *HF ( L#2 > 

01720  1  90A  C  J  +  6#  K+6 ) 3  A ( J  +  6# K  +  6) +XA ( J# K# L ) *HF ( L# M0DE ) 

01730  A(10»!!>*  8.  S  A(10#10>3  A<  1 0#  1 0  )  + 1*6.  *HF(  3#  1  )  ♦  1  6» *HF( 3#2 ) 

01740*  FIND  PRESSURES 

01750  CALL  S0LV(A# l 1 -MODE) 

01760  D0  200  J  =  l#2  $  Tl=  4-2*J 

01770  Z3  T1-RC*((2-M3DE)*A<1O#J+1O)+(M0DE-1 ) * .25* ( A< 7# J+l 0 ) 
01780*  +2* *A<8# J+10 > +AC9# J+10 ) ) > 

01790  200DBC I # J#NN) =  -2000 • *2 • *A 1 NT< 1 000 • 5*  1 0 • *AL0G1 0 < C A8S ( Z ) > > 
01800*  PLOT 


01810 

DATA 

FHEA0/40H  .07 

•10  .15 

.20 

*  9 

01820+ 

24H30 

.50 

.70# 

01830+ 

40  H  .70 

1.00  1.50 

2.00 

3*9 

01 840+ 

2  4HQ0 

5.00 

7  »Q0#56*Q •/ 

01850  DATA  GLA8/10H  PIN  SPACE# 10H  WATER  GAP/ 

01860  DATA  (LEG3  1OHFR0M  FRONT » 1 OHFR0M  BACK#0#0# 

01870+  2OOHFR0M  FRONT# 1 OHER0M  BACK)) 

01880  DATA  MLAB/7HM0UNTED. 8H I S0LA TED/ 

01890  DATA  MARK/1  H  +  #  1  H*#0  .#  3  .#  1  HX#  1  Hd>#  1  H  +  #  1  H*/ 

01900*  WRITE  HEADING 

01910  II*  4+NUMF-M0DE  $  JJ*  6+M0DE 

01920  ENC0OE( 1 10# 600»L1NE)  11#JJ 

01930  6OOF0RMAT(1OH(4H----I2#I1  »29ll(/)25X20  HP  RESSURE  AT  FRONT  OF 

01940+  5H/21 XAI1 #25H#21H  8AFFLE  CONFIGURATION 

01950+  27H/25X19H(D9//INCIDENT  WAVE))) 

01960  WRI TEC  6#LINE )  NPL0T » MLA8( NODE  > 

01970  11=  3-MODE  $  JJ3  1 1 -MODE 

01980  ENC0DE(1OO#61O»LINE)  I1#JJ 

01990  610F0RMATC 1  H( 1 1 # 2 4 A ( /26XA 1 0 . F6 . 2 > /6HMASSES/ I  2 *  1 2H ( 3PF7 . 4 ) / 7 U S 

D2000  +  6OHPRINGS/8C0PF7 .0 ) /7HDAMP 1NG/8 (0PF7 .2 ) //28X1 5HFRE3UENC Y  (KHZ) )  ) 
02010  WR I TE( 6#LI NE  >  ( GLA8< I ) # GEOM( I ) # I  =  1  #  I  1 > # C VALC J » 1 ) # J* 1 » JJ > 
02020+  #( (VAL(J#L)»J-1 #8)#La2»3) 

02030  D0  210  1*1# NUMF  $  J«NF(I) 

02040  ENC0DE<  70 »  62  3 # L I NE )  ( FHEA D ( K# J ) # K* 1 # 7 ) 

02050  620F0RMATC7A10) 

02060  WR I TE ( 6#  630  )  ( LINE( K ) » K  =  1 » 7 ) 

02070  63OF0RMAT(4X7A1O> 

02080  DECODE ( 70  #  6  40  »  L I NE )  LINE 

02090  64')F0RMAT(  70A1  ) 
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TABLE  4-1  (Cont'd) 
PROGRAM  LISTING 


0 

02100  D0  210  L»2»70 

02110  2 1  0L1 NREF ( L >  =  L 1 NE  <  L  > • AND • *  L l NE  <  L  > » EQ • 1 H • > 

02120  NN  =  0  5  KK*  NUMF  *NiJ.'1I  £  LL  =  2*NUMI 

02130  LINE* 1 >  *  4HCDG)  S  LINE*LL>«  5H  (DB> 

021 40  Tl»  DBO(l)  $  T2»  DB0(2> 

02150  ENCODE*  20 » 650* IFMT>  NUMI  S  GOTO  230 

021 60  65OF0RMAT*4H*A5» 12*6HA1 *A5>  > 

02170+  WRITE  ONE  LINE  U.00P > 

02180  220  l F  *  AMOD (  DBO  (1  )  » 1 0 • >  »NE  *0  •  )  G0T0  230 

02190  ENCODE*  4*  660  *LINE )  DB0*2)  £  L 1 NE * LL > »  LI NE* 1 ) 

02200  6 60 FORMAT*  F4«0  > 

02210  ENCODE*  4*  660  *  L I NE )  DBO  *  1 ) 

02220  23OD0  240  I»l*NUMl 
02230  LINE* I +1 >  ■  LINREF* 1*1 > 

02240  1F*LINE< 1 ) .NE.O >  LINEU  +  I)3  1H. 

02250  DO  240  J  =  1  *2  £  DO  240  N=1*NIJMF 

02260  IF(D3* 1  * J*N> .EQ.DBO(N) >  LINE*I+1>=  MARK*  J*N*N(JMF ) 

02270  240C0NTINUE 

02280  WRITE*  6*  IF  IT)  <  LINE*  K  )  ,  >\=  I  »  KK  ) 

02290  LINE*  t  >  =  3  ‘  L1:.:CU.)=  D 

•mOO  DPO  <  1  )  =  9P0(1  )-:•  -  C  r  C  *  2  )  =  DBf  *2  -  1  • 

02310  NN«  KN*1  S  1F*NN«LT»36)  G  TC  220 
02320  +  WRITE  TAIL 

02330  WRITE* 6*670) 

023  40  670FJR1ATO 

)^350  IF*NIM'*EQ.2>  I  H  TE*  6*  >  5  ) ) 

nmoi  680FGRMTC5X171.U.V.  ./LEFT  SL’  LEG  *  ' a1  ..  l.Lf  /FR  i>T  SC'>Lw 
n  70  JJ  =  G-M’i  F  '  ENCODE  * 'C » *9*.  *  LINE) 

02380  690  FOR. -.AT  (  26H2*  8XA  10*  1  XA1  *  31  X3  1  0*  I  XAl  *  /  )  *  1 1  »  Art*  /  >  )  ) 

02390*  I1»31H*!9H  INBOARD  INCIDENCE  A 1  *  1 6X ) *  II  * 4n( / ) > > 

02400  WRITE*  6*LINE)  *  CLEG*  I  *  J*  NIJN.F  )  *  MARK*  I  ■>  J*iN  UMF) * J=1  *25*1  =  1*2) 

02410  DBO  <1 >  =  T 1  ?  D30*2)=  T2  £  GOTO  100 

02420+  EXIT 

02430  2 60 WRITE*  6*  700  > 

02440  7 00 FORMAT*  4H---~ ) 

02450  ENDFILE  6  £  REWIND  6 

02460  END 

08000  SUBROUTINE  KWIK0(HF) 

08010  C0MPLEX  HF<  3*2 ) 

08020  DIMENSION  R(2) 

08030  C0MM0N  /PARAM/WN* S» H  /SS/SS<50> 

08040  DATA  ACC  * P I / *000 1 *  3 •  1  41  592653 5897 9 / 

08050  DATA  R/ . 309325* .388  1  87/ 

08060  Q*  (PI/S>*SQRT*2. )  S  Q0  =  2.*Q++2 

08070  HF 1 1  *  1 ) *  CMPLX* -R< 1 )/3»0* >  S  MF<2*1>=  CMPLX ( -RC 2 ) /Q* 0 • ) 

08080  HF ( 1  *  2 ) =  CMPLXtO • * -R*  1  > /3 5  £  HF*2»2)=  CMPLX *  0 • * -R< 2 > /Q ) 

08090  K*  0  S  IZ  =  0  £  E=  .75  $  WW=  WN+I.E-6 

08100  1 00K=  K  *  1  2  N=  2 

08110  DO  130  1 1  *  I  Z  »  K 

08120  1=  K-II 

08130  Tl=  C2-I/K-CK-I )/X ) +3S* K-I *  1 >  *5S<K*l*t ) 

33140  T3=  33^<K+-,-2  +  I  -2) 

081  50  T2=  VJN  +  +2-T3  I  T3=  3  3  71*13) 

08160  IF(T2.LT.0.)  G0T0  110 

08170  T2=  SQRTCT2)  S  IF*  T2 • LT •  WU )  T2=  11 
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TABLE  4-1  (Cont’d) 
PROGRAM  LISTING 


0 

08180  HFCN,2)s  CMPLX<Tl/T2>Tl/T3>*i.F<N,2) 

08190  MF  ( N »  1  )  =  C  PL.<(T»/n*Tl /T2/TAMU  Tu ) *0  •  )  *hF  (N*  1  ) 

SFLCO  GOT  1 20 

0S210  I10T:=  S0RTC-T2)  *  1FCT2.LT.M-. )  T2  =  i.1,; 

06220  >!F<K#0-  Z  PLX<Q./TI/T3*T1/T2)+MF(N,2) 

08230  HFCN,|>*  CMPLX<T1/T3-Tl/T2/TANHCH*T2>#0.)*HFCN,1 ) 

08240  I 20E *  E-Tl 

08250  I30N*  3-N 

08260  IFCT2.LE.WM)  GOTO  10) 

08270  IF(  ABS(  E/T3-L/T2/T  OJhCHX  T2  )  ) 

00280*  .GT.ACC*C49SC HFC 1 , 1 )+HF(2* 1 ) ) )  GOTO  100 
08290  IF<A9S<E/T3-E/T2).GT.ACC*CABS<HFC1,2>+HF<2»2>>>  G9T0  100 

08300  RETURN 

08310  END 

09000  SUBROUTINE  S0LVCA,M) 

09010  COMPLEX  A(10» 12). SUM,T0T 

09020  DIMENSION  KR(10>2> 

09030  DATA  KR/1 * l , I , 3. 4, 5>6»7, 7,7,  3,3,4,5,6.7,10,10,10,10/ 

090  40  DO  150  N»l»M 

09050  SUM*  <0.,0«> 

09060  Jl»  KRCN,1)  $  J2*  N-l 

09070  IF(J1.GT.J2)  GOTO  110 

09080  DO  100  J  =  J1 * J2 

09090  lOOSUMa  SUM* A  (N,J)*A(J,N) 

09100  1 1 OA ( N, N ) a  1 «/CSQRT(ACN,N) -SUM) 

09110  K 1  a  N  +  l  S  K2  =  MI  NO  ( M>  KR ( N, 2  ) ) 

09120  IF<K!  .GT.K2)  GOTO  150 

09130  DO  140  K»K1 » K2 

09140  SUMa  <0.,0.)  S  TOT-  (0**0. ) 

0  9150  J 1  a  KR  (  K  ,  1  )  <5  J2=  N-l 

09160  IFCJI.GT.J2)  GOTO  130 

09170  DO  120  J*  JO  *  J2 

09180  SUMa  SUM+ACK, J)*ACJ,N) 

09190  1 2OT0T*  T0T+ACN, J)*A(J,K) 

09200  1 30A< K»  N  )  =  C A ( K, N > -SUM) *A C N, N ) 

09210  1 40A (N, K  >  =  ( A ( N, K ) -TOT) *A < N,  N ) 

09220  15OC0NTINUE 
09230  DO  170  Ia|i,i2 

09240  D0  170  Lai, 2 

09250  D0  1  70  K=1 ,M 

09260  SUMa  ( 0  .  , 0 •  ) 

09270  N=  (  2  - L  >  *K  +  CL-I )*CM+1 -K> 

09280  Jl=  <2-L)*KRCN,  1  )+CL-l  >*f.N  +  l  ) 

09290  J2=  <2-L)*(N-l)  *C L- 1  > *M I  NO ( M, KR C N, 2  )  ) 

09300  IFCJl.GT.J2)  G0T0  170 

09310  D0  160  J  =  J 1 »  J2 

09320  1 60 SUMa  SUM+ACN, J)*A( J,  I  ) 

09330  1 70A ( N , I ) a  (ACN, I ) -SUM)+A(N,N) 

09340  RETURN 

09350  END 

LENGTH  =  215  LINES 
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Figure  4-1.  Computed  Performance  of  Spring-Mass 
Baffle  (Rigid  Outer  Plates) 
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Figure  4-2.  Computer  Performance  of  Spring-Mass 
Baffle  (Compliant  Outer  Plates)  (Sheet  1  of  4) 
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Figure  4-2.  Computer  Performance  of  Spring-Mass 
Baffle  (Compliant  Outer  Plates)  (Sheet  2  of  4) 
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Figure  4-2.  Computed  Performance  of  Spring-Mass 
Baffle  (Compliant  Outer  Plates)  (Sheet  3  of  4) 
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Figure  4-2.  Computed  Performance  of  Spring-Mass 
Baffle  (Compliant  Outer  Plates)  (Sheet  4  of  4) 
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Figure  4-4.  Comparison  of  Computed  and  Experimental  Baffled  Hydrophone  Response  (Depth  400  Feet) 
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